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摘  要 
浮游病毒是海洋生态系统中丰度最高的生物实体，在海洋微食物网和海洋生
物地球化学循环中具有非常重要的生态作用。然而目前关于海洋病毒生产和降解
过程的研究还比较少。本论文对珠江口至南海海盆环境梯度海区及西太平洋寡营
养海区两个典型海洋环境中浮游病毒的丰度、生产力和降解率进行了系统研究。
同时，针对未来全球气候变化，利用培养实验研究了温度和光照变化对海洋病毒
的生产和降解的影响，评估了全球气候变化对海洋浮游病毒生态特性的作用。研
究海洋环境中横向和垂向传输对南海病毒生产和降解的影响，更加深入地探究病
毒在海洋环境中的作用。主要研究结果包括以下四个方面： 
1、系统研究了中国南海和西太平洋海区浮游病毒丰度、生产力和降解率的
空间分布。研究结果显示浮游病毒的丰度变动范围在 2.07 × 106 到 2.75 × 107 ml−1
之间；高荧光病毒丰度的变动范围在 3.96 × 105 到 4.77 × 106 ml−1 之间；低荧光
病毒丰度的变动范围在 1.34 × 106 到 2.53 × 107 ml−1 之间；低荧光病毒的丰度占
到了总病毒量的 83.93 ± 5.88%，表明在中国南海和西太平洋海区中绝大部分的
病毒为细菌病毒。比较高荧光病毒和低荧光病毒丰度在相关因子之间的差异发现
低荧光病毒与盐度、温度、海水电导率和浊度呈显著相关，而高荧光病毒则与聚
球藻的丰度呈显著相关，表明低荧光病毒丰度可能主要由海洋物理化学因素所影
响，而高荧光病毒丰度可能主要受生物因素所影响。研究显示总病毒生产力的平
均值为 1.48 ± 0.40 × 105 ml−1 h−1；高荧光病毒生产力的平均值为 5.01 ± 1.17 × 104 
ml−1 h−1；低荧光病毒生产力的平均值为 1.04 ± 0.34 × 105 ml−1 h−1。比较高荧光病
毒和低荧光病毒生产力在相关因子之间的差异，显示高荧光病毒生产力与高荧光
病毒丰度呈显著正相关关系，而低荧光病毒生产力与水层深度呈显著负相关关系，
表明在中国南海海区高荧光病毒生产力与低荧光病毒生产力受不同的因素所调
控。结果显示，总病毒降解率的平均值为 1.57 ± 0.22% h−1；高荧光病毒降解率的
平均值为 2.03 ± 0.31% h−1；低荧光病毒降解率的平均值为 1.41 ± 0.21% h−1。分
析显示高荧光病毒降解率与叶绿素 a 显著相关，表明高荧光病毒降解率主要受自
养浮游生物所影响。而低荧光病毒降解率与环境因子之间不存在相关关系，表明
低荧光病毒的降解可能由多种因子联合调控，其动力学过程要远复杂于高荧光病
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毒。 
2、研究了升温和提高光照对西太平洋海区表层海水中浮游病毒降解率的影
响。结果显示总病毒、高荧光病毒和低荧光病毒降解率与温度和光照强度都有显
著的正相关关系，表明升温和提高光照促进病毒降解；且低荧光病毒降解率随温
度和光照的增量要明显高于高荧光病毒降解率随温度和光照的增量，表明低荧光
病毒对增加温度和光照的敏感性较高。研究结果显示光合有效辐射（PAR）能促
进病毒的降解，表明在紫外线穿透不了的真光层水层中，PAR 对病毒降解起到非
常重要的作用。 
3、研究了升温对中国南海海区表层海水中浮游病毒生产力和降解率的影响。
研究发现无论是高荧光病毒还是低荧光病毒，其生产力和降解率都会随温度的升
高而增大。研究发现病毒裂解量随温度的升高而增大，而病毒致死率与温度没有
显著相关性，说明病毒生产力随温度的增加主要由病毒裂解量的增大导致的。高
荧光病毒和低荧光病毒生产力随温度变化的增长率分别为 0.38% h−1 °C−1 和 0.60% 
h−1 °C−1。而高荧光病毒和低荧光病毒降解率相对于温度的增长率分别为 0.24% 
h−1 °C−1 和 0.28% h−1 °C−1。无论是高荧光病毒还是低荧光病毒，其生产力随温度
变化的增量都要显著大于病毒降解率的增量，这个结果暗示未来全球变暖会加速
表层海水中病毒的周转速率，促进微食物环中的营养物质的流动，对未来海洋生
物地球化学循环有重要影响。 
4、研究了横向和垂向传输对中国南海海区病毒生产力和降解率的影响。对
于淡咸水混合区的原位病毒生产力和降解率：无论是上游淡水注入还是下游海水
倒灌，其病毒生产力都下降了，而病毒降解率都增大了，而盐度的变化对淡水来
源的病毒生产力和降解率的影响大，对海水来源的病毒生产力和降解率的影响小。
在淡咸水混合区域，淡水来源和海水来源的低荧光病毒都比原位的低荧光病毒更
容易降解，这是由于盐度的剧烈变化导致渗透压改变，从而促进了病毒的降解。
当淡水病毒宿主细胞混入海水时，高荧光病毒和低荧光病毒的生产力都大幅度减
小，说明盐度对淡水病毒宿主细胞有非常强的控制作用，严重抑制淡水病毒宿主
细胞的代谢活性导致病毒生产力大幅减小。对于海水病毒宿主细胞混入淡水而言，
也出现了一定的病毒生产力抑制，但对高荧光病毒宿主的抑制作用强，而对低荧
光病毒宿主抑制作用弱，表明海洋低荧光病毒宿主对盐度变化的适应能力要强于
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
 XI
高荧光病毒宿主。通过表层微生物细胞混入深层水模拟微生物细胞的沉降过程的
实验结果发现，病毒生产力随混入深度的增加而增大，表明在沉降过程中营养盐
对于病毒生产力的控制要强于温度的控制；而病毒降解率随混入深度的增加而减
小，表明在沉降过程中病毒降解率主要受温度所控制。 
 
关键词：高荧光病毒；低荧光病毒；病毒生产力；病毒降解率 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
 XII
Abstract 
Viruses are the most abundant biological entities in the marine environments. 
Many studies had showed that viruses play an important role in marine microbial food 
webs and biogeochemical cycling. At present, the researches on marine viral 
production and decay are limited. In this dissertation, we investigated two typical 
marine environments, including an environmental gradient from the Pearl River 
estuary to the open water of the South China Sea and the western Pacific Ocean. We 
studied the effects of temperature increased, light change and horizontal and vertical 
transportion on viral production and decay to explore the role of the virus in the 
marine environment. 
(1) We systematically investigated the spatial distribution of viral abundance, 
production and decay in the South China Sea and western Pacific Ocean. The results 
showed that the total virus abundance vary from 2.07 × 106 to 2.75 × 107 ml−1, the 
high-fluorescence virus abundance vary from 3.96 × 105 to 4.77 × 106 ml−1 and the 
low-fluorescence virus abundance vary from 1.34 × 106 to 2.53 × 107 ml−1. More than 
80% of total virus is low-fluorescence virus, indicating the majority viruses in the 
investigated area were bacterial viruses. Low-fluorescence virus was significantly 
correlated with salinity, temperature, conductivity and turbidity, while the 
high-fluorescence virus was significantly correlated with Synechococcus abundance, 
indicating that the low-fluorescence virus abundance may be mainly influenced by the 
marine physical and chemical factors, while the high-fluorescence virus abundance 
may be mainly influenced by the biological factors. 
The average total virus, high-fluorescence virus and low-fluorescence virus 
decay rate was 1.57 ± 0.22% h−1, 2.03 ± 0.31% h−1 and 1.41 ± 0.21% h−1, respectively. 
Statistical results showed the high-fluorescence virus decay rate was significantly 
correlated with chlorophyll a, suggesting that the high-fluorescence virus decay rate is 
mainly affected by the autotrophic plankton. But there is no correlation between 
low-fluorescence virus decay rate and environmental factors, which may indicate that 
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the low-fluorescence virus decay may be regulated by multiple factors, and its 
kinetics process is more complex than high-fluorescence virus. 
The mean total virus, high-fluorescence virus and low-fluorescence virus 
production was 1.48 ± 0.40 × 105 ml−1 h−1, 5.01 ± 1.17 × 104 ml−1 h−1 and 1.04 ± 0.34 
× 105 ml−1 h−1, respectively. Statistical results showed the total virus production was 
significantly correlated with depth and temperature, the high-fluorescence virus 
production was significantly positively correlated with high-fluorescence virus 
abundance, and he low-fluorescence virus production was significantly negatively 
correlated with depth, indicating that high- and low-fluorescence vieus production in 
investigated area were impacted by different factors. 
(2) We investigated the effect of temperature and photosynthetically active 
radiation (PAR) on viral decay rates in surface seawater of the western Pacific Ocean. 
The results showed that higher temperatures and increased PAR enhanced the viral 
decay rates, and the increases in low-fluorescence virus decay rates were greater than 
those in high-fluorescence virus. Our results also showed that low-fluorescence virus 
are more sensitive to warming and increasing PAR than are high-fluorescence virus, 
suggesting that low-fluorescence virus in marine surface will be more significantly 
affected by global climate change in the future. 
(3) We investigated the effect of warming on viral production and decay in 
surface seawater of the South China Sea. No matter high-fluorescence virus or 
low-fluorescence virus, the result indicated that the rates of viral production and 
decay increased under the warming condition. The results showed that the burst size 
was positively correlated with temperature, indicating that the increasing of viral 
production with warming is mainly due to the increased burst size. The 
high-fluorescence virus and low-fluorescence virus production respect to the warming 
was 0.38% h−1 °C−1 and 0.60% h−1 °C−1, respectively; while the high-fluorescence 
virus and low-fluorescence virus decay rate respect to the warming was 0.24% 
h−1 °C−1 and 0.28% h−1 °C−1, respectively. These suggested that global warming will 
accelerate the turnover rate of virus in surface waters and promote the flow of 
nutrients in the micro food loop, which will have an important impact on the marine 
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